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Scription involves synlhesis of an UNA chain 
l^senting one sli'nnd of a DNA dLiplex. By 'rej)- 
pimg' we mean lhal [he RN'A is idc/i/ical if} 
wice\y\ih one strand oi'lhc DNA. which is callod 
ng strand, il ii> coiuplcmciiiary U) llie other 
IflS, which provides Uie lein|)lcilc for ils syn- 
gkThis relalionship be.lvvccn double-slranded 
Sfand ils single-sli-anded HNA li*ansc]'i|ji is 
ppitulaled in Fig:iire 14.1. 



RN'\ synthesis is calalyzcHi by an enzyme, called 
K-NA |)olynierase. Transcriplion starts when F^NA 
polymerase l>inds to a special region, the promoler, 
at the start ol'Uic gene. The promoter surrounds the 
first base pair that is aclually tr anscribed into BNA, 
the startpoinl. I'l'om this point. BNA polymerase 
moves along the tem|.)late, SNTithesizing BNA, until 
it readies a lerniincilor se(|uencc. This action 
defines a trcinscription unit thai extends from the 





^eiyiew: the function of RNA polymerase is to copy one strand of duplex DNA into RNA. 



Template strand ' 
^t' ' Coding strond W / 



"^iig^^^ATGCGCCATGCCAGTTACGTACATGCA 

''^^^^^TACX.C GGTACGGTC \ AT(;r AlXTArCT 



TRANSCRIPTION 



RNA sequence is 

complementary to template strand 
identical to coding strand 
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any adclilional nialerial belween Ihem. A problem 
inherenl in this leobnique is lhat ihe.re is no control 
OA'er which pairs of hlunl ends are joined togelher, 
so il is necessary firsi lo perfoiTn the read ion and 
Ihen to isolate the desired pj oducts from among l;he 
olher products. 

There are numerous variations of Ihese 
methods. One technique uses shorl DNA duplexes 
Clinkers") thai contain the EcnWl (or some 
e.quiv£ilent) recognition paMndrome. The linkers 
can be synthesized chemically, and are added 
covaleiirly lo the ejuis of a plasmid or an insert 
by blunt~end hgation. The inserted DNA can be 
retrieved by cleavage with EcoKl, but there are Jio 
i-estriclions on the original choice of sites to 
generate the ends. With sufficient manipulatiniK it 
is now possible to insert any foreign DNA fragment 
into any particular vector site, and to arrange for 
retrieva l of the fragment vvlien necessary. 

When a foreign DNA fragment is inserted into a 
plasmid, il can be connected in either orieniaiion, 
thai is, with either of the ends of the foreign DNA 
joined lo either of the ends of the plasmid. 1'his does 
not matter when the purpose of cloning is simply 
to amplify the inserted sequence. However, it is 



important when the experiment is (ifsi 
obtain expression of the foreign B^M 
!ec|uii'es insertion in a particular orientallp 
In this case, populations of plasniiii^ 
tlie plasmid in eillier orientation are g1)1 
random insertion, after which thevS^ 
acterized by restriction mapping to idig 
desired class. Or the experiment is (if|i 
as to permit insertion in one orientatidiip 
example, each of the DNAs, vector and iiSe 
be cleaved with tioo restriction eiiZYmeJ^iu. 
(hfTerent sticky ends, to generate the ty 
tern where eacii DNA has tire sequence ,\| 



End 1 



-End 2 



NoAv i f only the two end-1 sequences el^ 
togellier, and only the tAvo end-2 sequenj 
anneal, the insertion can take place oiijjf 
orientation, generating the chiniericplas^[| 



End 1 
I 

End 1- 



-Insert- 



-Plasmid- 



-^nd 2 .^p 
-End 2 ;.Si 
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One of the principal uses of cloning technology is 
to isolate specific genes directly from the genome. 
Any parliculaj- gene f*epresenls only a very small 
part of a eukai^olic genome, hi a typical niammah 
the size of the genome is -W^ bp, so that a single 
gene of (say) 5000 bp represents only 0.0005% 
of the total nuclear D.iNA. 

To identify such a liny proportion, we need a very 
specific probe lhat reacts only v\nih the particular 
sequence in which we are interested, lo pick it out 
from the vast excess of otiier sequences. The usual 
technique is to use a highly labeled radioactive 
probe of RNA or DNA, whose hybridization with 
the gene is assayed by autoradiography. 



For the [)iu'pose of obtaining a DNA se| 
that represents a particular protein, the |1 
start is with mRNA, which, after all, is tJie t^ 
used to produce the protein in vivo. Biitit^ 
difficult to obtain the mRNA thai repre|M^ 
parlicidar protein when the product is rare^P 
are several techniques for isolating 
via the properties of its product, but a com 
problem is the requiremenl that the 1 
first be purified. 

Rather than purify the KNA, a DNA (^| 
the RNA sequence is made. This has tlifel 
advantages that unlhnited amounts of materlp 
be obtained, and the DNA can be radioatdf 
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JRNA can be copied into 
™uble-stranded DNA. 



— ^i^AAAAA > mRNA 



-<AAAAAA 
MINI 



Anneal primer 



— ^ M il l Alkali removes RNA 



strond 



SI nuclease cleoves hook 



jried, pimiding a much nioi e powerful probe. 

pdslenceof reverse ti^anscriplion makes ilposs- 

rfp syntliesize a duplex DNA from any mRNA. 

pis especially easy for niRNAs lhal carry a 
^) lail at the Y end, as illustrated m Figure 21 .5. 

^sl, a primer is annealed to the poly(dA). It is a 
ifsequence of oUgo(dT), whose purpose is to 
|de a free 3' end that can he used foi' extension 
enzyme reverse transcriptase. The enzyme 
|esin the usual 5'-3' elongation, addingdeoxy- 
Iptides one at a lime, as directed by coniple- 
fcbase pairmg wiUi the niRNA template, 
he product of the reaction is a hybrid molecule, 



consisting of a template RNA strand base-paired 
with the complementary DNA strand. The only 
practical problem is the propeiisily In vitro of 
revei'se U anscriptase to stop before it has reached 
Uie 5' end of the mRNA. In this case, the resulting 
reverse transcript falls short of representing 
the entire mRNA, because it lacks some of the 
sequences complementai^y to the 5' end. However, 
by iudicious adjustment of the experimental con- 
ditions, usually it is possible to persuade reverse 
transcriptase to proceed all the way. 

A useful reaction tends to occui* at. the end of 
tlie mRNA, where the enzyme causes the reverse 
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transcript lo loop back' on itself, t)y using the last 
fcAv bases of the reverse transcript as a template for 
synthesis of a complement. That is, the end of 
the comptementary DNA is used to direct synthesis 
of a short sequence Lhat is identical with the mRNA, 
and which displaces it. This creates a short hairpin* 
usually 10-20 bp long. 

At this juncture, the original mRNA is degraded 
by treatmenl ^vixh alkali (a procedure that does 
not affect DNA). ITjej^rodu cM a single-stran ded 
DNA j;hat is complementary to the mRNAnTis" 
callecTcl 



The hairpiii at the 5' end of the cDNA provides a 
natiu^al primer for the ne.xt step, the use of E. coll 
DNA polymerase 1 lo convert the single-stranded 
cDNA inlo a duplex: DNA ^ia synthesis of the com- 
plementary strand. In this reaction, the enzjaiie 
uses the cDNA as template for synthesis of a 
sequence identical with the original mRNA. The 
product is a duplex molecule with a hairpin at one 
end. The hairpin is cut t)y the enzyme Si nuclease 




(which specifically degrades single-stiandeV-.^ 
lo generate a conventional DNA duplex: 

Hie duplex DNA can be cloned lo generM^ 
amounts of a synthetic gene represeiitiugthe^ ^ 
sequence. This is called a cDNA clon e. (jlS^ 
termia olngyTT'sf)? ^^ loosei^j senT^g^ 
^cDNA ^has enier^ed, be m g take n to des|n^'' 
d uplex insert and not jy.9t ihi 
stranded reverse transcripy 

The power of sequencing technology^ha^ 
possible to bypass most of the problenis^|^ 
rare mRNAs by targeting a probe directi|| 
mRNA sequence. One powerful teduiiquet;^^ 
knowl edge of only a small sequence ofth^ip 
Short oligonucleotides can be svnthesizM 
correspond to this sequence. A variety ofp 
nucleotides can be made to cover possih]|if 
ative codons, especially at third base pSii 
These oligonucleotides can be used tbi^ 
cDNAs or genomic DNA that Include; tij 
quence of the corresponding gene. 



The first step toward identifying the gene cones- 
ponding to a particular probe is to break the DNA of 
the genome into fragments of a manageable size. It 
is desirable to obtain the gene in as few fragments 
as possible (ideally only one). Usually the maximum 
lengUis of DNA that can be manipulated directly 
are in the range of 15-20 kb. Sometimes it is not 
possible to obtain a gene in the form of a single 
fragment, and ihen its structure must be deternnned 
by piecing together the informaUon gained from its 
various fragments. (We have discussed the use of 
overlapping fragments in Chapter 6.) 

The best technique for fragmenting a genome is 
to make a restriction digest. Then every fragment 
ends in a site that was recognized by that parUcular 
enzyme. However, restriction sites may occur at 
inconvenient locations— for example, in the middle 
of a gene that is to be cloned. One way lo avoid this 



IS to use more Qian one restriction enzyine)pf 
to repeat the experiment with different.:^! 
whose recognition sites lie at different 
But this is time consuming; and whetii^ 
sequence is involved, it may be difficult !tp:^' 
enzjmie that does not cleave Avithin it. ^ 

When the DNA of an entire genome isi^d|^ 
with a restriction enzyme, the freqiii^ 
breakage is controlled by the lengfe^L 
sequence recognized by the enzynie. Tllg^ 
the sequence, the less often it occurs by^^ 
The probability that a particular 4 bp seTq' 
will occur is 0.254 = 1/256, so that an*8 
vsntli such a short recognition sequence wilt 
DNA rather fi^equently. The frequeiicjf 
to 1/1000 for a 5 bp sequence and to 1/^ 
a 6 bp sequence. 

(This calculation assumes that eacK| 



